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Unusual Intracellular Aggregates of Broad Bean Wilt Virus Particles
(Accepted 19 December I978 ) SUMMARY A novel aggregation form of particles of a pea isolate of broad bean wilt (BBWV) is described. The aggregates consist of hollow tubules that are square or rectangular in section (quadrangular tubules) and have walls made up of tyro parallel rows of virions. These aggregates, which may be specific for the virus strain under study, occur in the same tissues as the cylindrical virus tubules typically induced by many other strains of BBWV.
In the course of the characterization of a broad bean wilt virus (BBWV) strain isolated from pea in Egypt (A. A. Kishtah, M. Russo & M. E. Tolba, unpublished data), remarkable changes in the form of its intracellular inclusion bodies were noted as infection progressed. In epidermal strips from leaves of artificially infected broad bean plants the amorphous and spindle-shaped fibrous inclusions that prevailed in Io-day-old infections were progressively replaced by crystalline structures.
These changes were investigated in more detail with the electron microscope. Tissue fragments were cut from broad bean leaves to, 2o and 3o days after inoculation with BBWV. The samples were fixed in Karnowsky's (I965) aldehyde solution for 3 h at room temperature after a brief infiltration under vacuum, thoroughly washed in o.I M-phosphate buffer, pH 7"1, postfixed at 4 °C in z % (w/v) osmium tetroxide in the same buffer and dehydrated through graded ethanol solutions and propylene oxide. Embedding was in a mixture of Epon-Araldite (Mollenhauer, r964). Thin sections were cut with a LKB Ultramicrotome, then double stained with uranyl acetate and lead citrate and viewed with a Philips 2o~C electron microscope.
The cytological modifications of infected cells and the fine structure of amorphous inclusion bodies were no different from those reported in the literature (for review see Martelli & Russo, 1977) .
Virus particles about 25 nm in diam. were plentiful even in the youngest infections. They were randomly scattered within and around the membranous inclusion bodies but were more often aggregated in crystalline or paracrystalline arrays next to the inclusions.
In Io-day-old infections true crystals were rare. The prevailing aggregated forms of virus particles were the long cylindrical tubules typically associated with infection by many BBWV strains (Rubio-Huertos, 1968; Sahambi et al. I973; Hull & Plaskitt, I973/74; Mili~id et al. 1974; Russo & Martelli, I975; Weidemann et al. I975; Vega et al. I978) . In some cells, however, a different type of aggregate of virus particles was seen.
In longitudinal or tangential section, these aggregates appeared as elongated, slightly curved bodies with a central canal, tapering at both extremities and exhibiting crescentshaped ends (Fig. I) . Their length was extremely variable (up to 3 #m) and the average diam. was about zoo nm. Some cells also contained groups of square or rectangular structures made up of two parallel rows of virus particles in linear arrangement, framing a central electron lucent area (Fig. 2 ). These were obviously transverse sections of the type of aggregate illustrated in Fig. I which, therefore, as also indicated by serial sections, is a tubule with a quadrangular cross section. Such odd tubules, like the more commonly occurring cylindrical ones, could account for the spindle-shaped inclusions seen with the light microscope. Spindles were no longer found in epidermal strips from older infections (2o and 3o days after inoculation) and tubular aggregates could not be detected with the electron microscope in the same samples.
Hull & Plaskitt 0973/74)suggested that the way in which BBWV strains aggregate in the cell is strain specific. According to this view, the quadrangular tubules could represent a specific intracellular feature of the Egyptian BBWV isolate. This isolate also differs from those previously studied because it produces an unusually large number of particle aggregates which differ in form at different times after inoculation. Some of these particle arrays, such as the quadrangular and cylindrical tubules, are indeed peculiar ways for virions to accumulate in an orderly fashion and are perhaps unstable structures, as suggested by their disappearance at late stages of infection. Possibly they are transitional aggregation forms preceding the more stable true crystals. It is difficult to explain this variability in particle aggregation and, in general, the process of in vivo crystallization of particles of plant viruses is still poorly understood.
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